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0 Nonionlcally and partially anionically stabilized waterdlsperslble polyurethane/acryllc graft 
copolymers. 

® Water-dilutabte polyurettiane/acryltc copolymers which may be either completely nonlonically stabilized or 
partially nonlonically and partially anionically stabilized comprise the reaction product of an ethylenlcaliy 
terminated poiyurethane macromonomer containing poly(oxyalkylene) segments and one or more ethylenlcaliy 
unsaturated monomers selected from acrylic acid, methacrylic acid, fumaric acid, styrene, vinyltoluene, and alkyl 
and hydroxyalkyt esters of acrylic, methacrylic. and furamic acids. The copolymers are useful as principal resins 
and as pigment grind resins in water*bome automotive base coat paint formulations. :: 
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NONIONICALLY AND PARTIALLY ANIONICALLY STABIU2ED WATER-DISPERSIBLE 
POLYURETHANE/ACRYUC GRAFT COPOLYMERS 



Technical Refd 



This invention relates to water-dispersibie polymers useful in the preparation of automotive coating 
formulations. More particulariy, the present invention concerns water-dlspersible polyurethane/acrylic graft 
polymers having utility as principal resins and as pigment grind resins in automotive coating compositions. 
This invention also concerns coating compositions containing such polymers, and articles of manufacture 
coated with such coating compositions. 



Background of the Invention 



Multi-layer coatinQ systems are well known in the coatings industry. One area in which multi-layer 
coating systenrts have become increasingly utilized is the area of decorative and protective coatings for 
automotive vehicles. A common multi-layer coating system for automotive application is the so-called "base 
coat^op coat" system in which a thicker layer of clear, unpigmented topcoat is applied over an underlying 
thinner layer of pigmented base coat The base coat may contain reflective particulate flake materials such 
as aluminum flake or mica flake to impart "sparkle" to so-calied metallic finishes. 

These base coaWop coat coating systems may comprise either "wet-on-wet" one-bake systems in 
which the clear top coat layer is applied over an unbaked base coat layer with both layers being cured in a 
single subsequent bake curing step, or "muitiple-bake" systems sin which a clear coat is applied and cured 
over previously applied and cured base coats. Modem multi-layer coatings systems are typically of the wet- 
on^et one-bake type which eliminate or minimize problems of adherence between the layers which may 
sometimes result with multipte-bake systems. 

Early base coatrtop coal coating systems for automotive applications generally comprised solvent- 
borne, pigmented base coat compositions and solvent-borne clear coat compositions. However, rising costs 
of soh^ents and the growing concern over the environmental impact of organic solvents has forced research 
efforts in recent years to turn toward means for eliminating or minimizing the organic solvent content of 
coating compositions: ^fr^^J' % : 

A certain degree of success has been achieved in lowering the total volatile organic content (VOC) of 
multi-coat syatems by reducing the organic content of both the base coat and top coat compositions. For 
example, recent developments in multilayer coating systems have seen the introduction of water-borne 
base coat compositioris. One example of such water-borne systems is disclosed in United States Patent 
4.794,147 vrhksh employs as principal resin and/or pigment grind resin a water-dlspersible polyurethane 
resin. Coating fonnulations based upon these water-borne polyurethane resins can generally be applied to 
substrates over a broader range of ambient temperature and humidity conditions. Another type of water- 
borne system te exempiffied by anlonically stabilized acrylic resins of the type disclosed in United States 
Patents 4.4<»X)^ aid 4^18,724. Acrylic resins are generally characterized by good durability and 
weatherabifity. but suffer from the shortcoming that they must be applied within a nan-ow range 

of tempefahiTBS ien^ to avoid problems of flow and sag. 

Aniontoally ^rfltee^ resins are typically fomned by the polymerization of a mixture of acrylic 

monomers whUA fraction of carboxyl group-containing monomers such as acrylte acid or 

mothacrytlcT add in water and stabilized In aqueous medium by conversion of at 

^ f^>f?*P'™:.<!!i*^ij^^ to carboxyiate salt groups by neutralization with a base, typically a 

^*''^®^^^?i^J^!l^iy*?^^ typically are based upon alkylated melamine resins 

^''^ ^-'^W^!^^^^^^^^^.!^'?^ presence of one or more acid catalysts well known in the art Acrylic 

^® presently the resins of choice for top coats because 
^ qualities which are highly desirable for the dear top coat in a muiti 

^**^^5?^SI^9S^ ^ thorough discussion of so-called "monomeric" highly alkylated 

melamine-reSiw;^^ highly alkylated melamine resins can be found in Hirsch, Albert 

"50 Yoar8:;oif;:J^ite^ the Winchell Co.. Philadelphia. PA. 1986, the contents of which are 

inc or porated her^ fay refmhc8.v; 



EP 0 424 705 A2 



^0 highly a/kvlated m t 

« Pem,i«ing high,, so.rS^^?"''^^ 'asr^riir^' ^ 

resins, on the other handT^' ™ ^"^^^ VOC ThTtec! *" '"'S^'^ so^ents 

With the introduction of aorvli.,- • ^•^'^ Wyed to form high 

systems Where the i^e St^J* ^r'^''^ ^«.^t«^e ^'^''f 'o^ curing are 

v*'ch is freed from tf« 1^1^^?^ ^'"^^'ized car^l S J "T'^"-"^' ""^'^'^ 
catalyst employed to con^c^T,""^ '^'"9 often neZi^.?^'"^""'^ »"'ne 
« in an Incompletely cureTtoTc^f " ^"'^ ""^'^^^ -^^ins i" tt>e to^^ T'*"" »'™"9 ^cid 
a"«l weatherattfitj He ir^SV'"Lr ^^'""'on ,r,^Z SSe f" 
a»t and clear coat layeraioTffm.I^ J ^ "^"^ ^"^"9 a^p is imoL^'^!!^^*' '""^e. durability 

formulations, which can be re«il h-^ acryl.c-based resin, which «L ^ , 
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present invention provides in it. • • 

one or more ^lerZlyi",^^'^'"^ " ^"9"- '"nca^al iZyJLTjT, 9'o«Ps 
coat palm formulations sultatL , ' ! "^""o-^ers. In another aspe« Zl !^^ 'socyanate: and 8) 
above described ^M^JZcT^'"' "'^'^ ^ base 
am provided substrate bo^l^^^^? ""P-''^^^^- another W^f^ ' """P^* ^e 



Detaiied iDescripbon 



so 



Sff 



By varying the compo^ ^,^J""^"^ <" ^^n^"" resin c^^^^J^?'"'*' spravabifify of 
<«"Posltioo Of the S ""«l««ed^^St ' '^^'^ 

a«yflc backbone;d<S2^TCr^,!!fL'''^"»' «he ratfo of SS« S!'^ «»» 

far optlmang tf»^ I^*!^ P«*«« lnvBnBon3?«T* **»*haln eegmerrt, to . 

; wrth an altawy PolyfoxyafflS^^^^ Pofyurelhane niacminZmWWhid?&- .-yWirlenteaily 4 iV 
polyuretftana mnrJ^T^^.^^ and at the other am v-^-^ * tefmliiatod at bna anrf 3®JS«^-. 

■ 'nonoiner which h-, ll', «wter poiyof. or mixium «J!l-!t" P?^feog«»«»:^W^^^^^ MsM- 



' "'''^^ to form the eSM:^M^*il^ ^.t^: " 

- ."^^V*"* f^'«f^<xTS,^-^^ Po'yisocya„at??JS^?^i^^'*^^ 
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diisocyanate such as the isocyanurate of 1 ,6-hexannethylene di isocyanate. The polyisocyanate is preferably 
a diisocyanate, for example, hydrocarbon diisocyanates or substituted hydrocarbon diisocyanates. Exam- 
ples of compounds which may be utilized include, but are not limited to phenylene diisocyanate. biphenyl 
4,4 -diisocyanate, meta -xylylene diisocyanate, toluene diisocyanate (TDI), 3.3'-dimethyl-4,4'-biphenylene 
diisocyanate, 1 ,4-tetramethylene diisocyanate, 1 ,6-hexamethylene diisocyanate. 2,2.4-trimethylhexane-1,6- 
diisocyanate, 1,3-bis -[2-(2-(isocyanato)propyl]benzene (also known as tetramethylxylyldiisocyanate. 
(TMXDI), methylene bis -(phenyl isocyanate), 1 .5-naphthalene diisocyanate. bis -(isocyanatoethyl fumarate), 
isophorone diisocyanate (IPDI), and methylene bis -(4-cyclohexylisocyanate)rThere can also be employed 
isocyanate-terminated adducts of diols such as ethylene glycol or 1,4-butylene glycol, etc. These com- 
pounds are fbnmed by reacting more than one mol of diisocyanate, such as those mentioned above, with 
one mol of diol to form a longer chain diisocyanate. Alternatively, the isocyanate-terminated diol adduct 
may be fbnned |n sihJ by addition of the diol together with the diisocyanate to the reaction mixture. 

It is prefenned to employ an aliphatic or cycloafiphatic diisocyanate or aliphatic isocyanurate since it has 
been foufud that these provide better color stability in the finished coating. Examples include 1,B- 
hexamethylene diisocyanate, the isocyanurate of 1 .6-hexamethylene diisocyanate, 1,4-butylene 
diisocyanate, methylene bis -(4-cyciohexy! isocyanate), and isophorone diisocyanate (IPDl). However, 
aromatic diisocyanates in which the isocyanate groups are not directly attached to the aromatic ring such as 
TMXDI and meta -xylylenediisocyanate may also be used. 

The alkoxy poly(oxyatlcyIene) alcohol employed in preparing the pofyurethane macromonomers of this 
invention are oligomers formed by the alkoxyl-initiated polymerization of epoxides such as ethylene oxide, 
propylene oxide and the like. TTie compounds have the general formula 

R0-(-CH2-CH-0-)nH 

where R is k>wer aikyi, r' is hydrogen or lower alkyl. and the nominal value of n ranges between 20 and 75. 
The compounds, when R is methyl and R is hydrogen (formed by the methyoxyt-initiated polymerization of 
ethylene oxide) are generally known as "MPEG's" (methoxy polyethylene glycols) and are commercially 
available, for example, from Union Carbide Co. in a variety of molecular weights. The compounds are 
marketed under the tradenames MPEG XXXX where XXXX is a number indicating the average molecular 
weight For the purposes of this invention, the preferred alkoxy poly(alkylene oxide) aicohols are the 
MPEG's having weight average molecular weights in the range of between about 1200 and 3000. 
Particularly preferred are MPEG 1500 and MPEG 2000. 

The diols and triols used in forming the polyurethane macromonomers of this invention are preferably 
aliphatic compounds, i.e. compounds having two or more hydroxyl functions per molecule and having a 
straight-chain, branched-chain, or saturated carbocyclic ring. The aliphatic diols and triols are believed to 
impart flexibility to the final copolymer. Examples include ethylene glycol, propylene glycol, butylene glycol, 
neopentyt glycol, trimethylolethane, trimethyloipropane. and similar diols and triols of up to twenty carbon 
atoms. , . 

Similarly, ester pofyols fonned by esterification of a diol or triol of the types just discussed with a 
cartKixylic acid or hydroxy add may also be used. These compounds are characterized by at least two 
hydroxy groups and one ester group per molecule. Examples include monoesters of diols such as ethylene 
glycol, propylene glycol, butyierie glycol, 1,6-hexanediol. trimethylolethane. trimethyloipropane and the like 
with hydrQ>y- adds^^^^^ hydroxy acids. Examples include hydroxyacetic acid, hydrox- 

ypropionic add;,>hyd^^ add and the like. A prefen-ed ester polyol Is the 3- 

hydroxy-2,2;7€nm©thylpropyl ester, of 3-hydroxy-2,2-dim6thylpropanoic acid, commercially available as 
Esterdiol SMjim 

The moniKrthylOT monomers having a single functional group reactive with isocyanate 

which are.ennf>loYeM^^^ of the polyurethane macromonomers of this invention are preferably 

selected fn»i^ and methacrylates. Examples include hydroxy methyl acrylate, hydrox- 

ymethyt mettta^l^tad^ acrylate, hydroxyethyl methacrylate, hydroxypropyl acrylate. hydrox- 

ypropyl iTiS|iaayte^^ acrylate. hydroxybutyl methacrylate, and the like. 2-Hydroxyethyl 

acrylate„ls;pai|g^^ 

: The polym^ be nonionically stabilized, or partially nonionicaKy aiKl partially 

anionicaily s&lfcw^ unsaturated monomers which are chosen to synthesize the 

acryOc backbcm qf.tf^^ ofjthis invention are chosen, based upon a decision to design a completely 
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hydrogen peroxide or percarbonates; organic peroxy compounds such as acyl peroxides Including, for 
example, benzoyl peroxide; alkyi hydroperoxides such as tert -butyl hydroperoxide, cumene hydroperoxide, 
and p -menthane hydroperoxide; dialkyl peroxides such as a di-tert -butyl peroxide; peroxy esters such as 
tert -butyl perbenzoate, tert -butyl peroctoate and the like; and mixtures thereof. The organic and inorganic 
peroxy compounds are advantageously used in combination with any suitable reducing agents known in the 
art, including sodium pyrosulfite or bisulfite, sodium formaldehyde sulfoxylate, triethanolamine, tetraethylene 
pentamine, and the like. Also azo compounds such as azo-bis -(iso -butyronitrile), azo-bis - (iso -butyric acid 
ethyl ester), azi-bis -(iso -butyroamidine) and the like may be empFoyed as free radicailfritiators. 

The initiator catalysts are employed in catalytic quantities normally used to initiate polymerization 
reactions of this type, i.e. generally in quantities of from about 0.01 % to 5% by weight, preferably between 
about 0.02% and 1% by weight, based upon the total weight of ethylenically unsaturated monomer present 
in the reaction mixture. 

As the reaction proceeds, the carbon-carbon double bond at the tenninus of the monethylenically- 
terminated polyurethane macromonomer is incorporated into the growing acrylic backbone. The result is the 
formation of a polymer comprising an acrylic backbone with pendant polyurethane graft side-chains. The 
polymerization reaction conditions are controlled to permit the fomnation of a polyurethane/acrylic graft 
copolymer of weight average molecular weight of between about 15,000 and 60,000 Daltons, preferably 
between about 25,000 and 40,000 Daltons. 

The polyurethane/acrylic graft copolymers of this invention, prepared as described above can be 
employed as the principal or binder resin or as the pigment grind resin in bass coat paint formulations for 
automotive applications. When employed as principal resins, the resins are combined, in amounts generally 
ranging between about 10% by weight and about 40% by weight, based on total solids content of the base 
coat formulation, together with a pigment paste, a rheology control agent, leveling and flow additives, fillers, 
stabilizers, wetting agents, dispersing agents, adhesion promoters, etc. The pigment paste comprises a 
pigmenting agent (which may or may not addiUonally contain flake pigmenting agents' such as aluminum 
flake, mica flake, or metal oxide encapsulated mica flake), and a pigment grind resin. The viscosity of the 
final base coat formulation is adiusted to the desired value by the addition of water. 

Rheology control agents preferably incorporated into the base coat formulation help to control the 
viscosity of the resuming composition and are incorporated in amounts which prevent sagging or running 
after a base coat layer is sprayed onto a vertical substrate surface such as a motor vehicle body. The direct 
result of incorporating a rheology control agent is to provide flow control, body, and sprayability in the base 
coat formulation. Another favorable result of the Inclusion of a rheology control agent is to allow for the 
application of thicker base coat layers during spraying, permitting better coverage and hiding of the 
substrate. The sprayed coatings containing these rheology control agents also exhibit better orientation of 
flake pigments such as aluminum or micaceous flakes which may be incorporated into the base coat 
formulation to provide a "metallic" sparkle effect. 

Rheology control agents which can be used in embodiments of the present invention include fumed 
silica compounds, and hectorite and bentonite clays. Prefen-ed fumed silica compounds are the hydropho- 
bic fumed silicas such as Aerosil R972. available from Degussa Corporation, Frankfort. West Germany). 
Another preferred rheology control agent for base coat compositions of the present invention is a synthetic 
sodium lithium magnesium silicate hectorite clay. An sexample of one such clay is taponile RD. available 
from Laporte, Inc., Saddlebrook, NJ. The reheology control agent may also comprise mixtures of the above- 
mentioned agents. 

The rheology control agent may comprise from 0% to about 20% by weight of the basecoat 
composition, and generally comprises between about 1% by weight and 5% by weight of the final base 
coat composition. In general, the particle size of the rheology control agent plays a role in the overall 
thixotropic properties of the base coat formulations. The rheology control agents included in embodiments 
of this invention are suspended in the formulations and are believed to function, at least in part, through 
coulombic or electrostatic interactions. In general, the particle size ranges from less than about 0.01 
microns to over about 200 microns. The particle size of the rheology control agent is selected to impart the 
desired flow, body, and sprayability of the finished base coat formulation. In most instances, the preferred 
particle size ranges between about 1 micron and about 10 microns. 

Additional agents may also be Included in the base coat formulations of this invention, for example 
surfactants, fillers, stabilizers, wetting agents, dispersing agents, adhesion promoters, etc. White agents 
serving each of these functions are well known in the art, the amounts used must be carefully controlled to 
avoid adversely affecting the coating and its drying characteristics. 

When employed as a pigment grind resin, the polyurethane/acrylic graft copolymers of this invention 
are combined with one or more pigmenting agents known in the trade by conventional mixing, and then 

6 
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ground by ball milling, sand milling, passage through an attritor, or other known technique until the desired 
pigment particle size distribution is achieved. The paste is then diluted with water, if needed, to adjust the 
paste to the desired viscosity, and employed in base coat formulations as described above. In general, the 
resin will comprise from about 30% by weight to about 80% by weight of the total solids content of the 
pigment paste, preferably from about 40% to about 70% by weight. 

The base coat compositions described hereinabove can be applied to a metal or plastic substrate in 
one or more coats using, for example, an air atomized spray gun such as a Binks Model 60 spray gun, 
available from the Sinks Manufacturing Corp.. Franklen Park, IL. or by using other conventional spraying 
moans. The base coat compositions are generally sprayed at a pressure of 50-80 psi (344.7-551-6 kPa). at 
a relative humidity of about 50% to 90% (preferably about 60% to 80%), and at temperatures between 
about 70-90' R (21.1-32.2* C). 

After desposition of the base coat compositions, the base coat layer is flash dried at a temperature of 
between room temperature and about 145*F. (62.8* C). preferably about 120*F. (48.9 "C). A second 
basecoat layer may be applied over the first without drying (flash off) or. alternatively, a clear coat layer 
may be desposited over the first flashed base coat layer. Any number of well known clear top coat 
compositions known In the art may be used to apply the top coat layer. For example a high sofids solvent- 
borne top coat composition comprising a so-called monomeric highly alkylated melamine such as Cymel® 
303 (available from American Cyanamid Company, Wayne, NJ) and a strong acid catalyst such as p - 
toluene sulfonic acid may be used. Attematively, a top coat formulation utilizing a so-called polymeric less 
highly alkylated melamine such as Cymel® 327 may be used. As stated earlier, when a highly alkylated 
melamine r^sln is employed in the top coat formulation, it is prefen^ that the principal rBsin and grind 
resin of the bass coat formulation preferably be of the completely non-ionlcally stabltzed type free of 
carboxyl or carboxylate functionality When a polymeric less highly alkylated melamine resin is employed in 
the top coat fomnulation, the principal and/or grind resins of the base coat may be either the complete 
nonionically stabilized type in accordance with this invention or the partially anionically stabilized type. In 
this instance, the base coat principal or grind resins may also be a mixture of the completely nonionically 
staWBzed Q,e, carboxyl or cart»oxylate functionality-free) type and the partially anionteally stabilized 
(carboxyl or carboxylate functionality-containing) type. 

After application of the clear coat layer over the previously applied base coat layer, the multi-layer 
coating is then baked to cross link the polymeric vehicles and to drive the small amounts of water and 
organic solvents from the layers. A prefenred baking step involves heating the coated substrate for a period 
of fronj about 10 to about 60 minutes at a temperature of between about 150*F. (65.5 'C.) and 300* F. 
(148.0* C). This baking step cures the multilayer coating to an attractive, glossy, hard, durable film. 

The following examples are provided to enable one skilled in the art to practice the present invention. 
However, tiiese examples are merely illustrative of the invention and are not to be read as limiting the 
scope of the invention as it is defined by the appended claims. 
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Preparation of Ethylenically-Terminated Polyurettiane Macromonomer - \ 



A mbcture of 953.4 grarns.of methoxy polyethylene glycol (MPE3 1500. available from Uiiipn Carbide). 
75 g of hydroxyethyl acrylalo, 85,4 g of trimetiiylolprDpane. 423.4 g of Isophbrone cfi^^ 280 g of 
mettiyl propyl ketone and 10 g crf.'butyl hydroxy toluene was placed Iri a 5-iitari thr^^ fitted 

:^ oonden^ to about 85* (^vwHh^ s^^ 

temperature until analysis indicated m group functionafity frw^q^g 5.5 

g <rf <am^ tin .dllaurate >wBffi;«lded to t^^ reaction mixture and tiie mbdura 
80-ffi* a until analysis IndcateN^^^ group functionality meo^i!^ 

{8&3 g) was added to cap tf» i^di^l isocyanate functlonanty. and'the'mbct^^ 
analysisjiidfcitai the^absenq^:fs^^ functionality. .,- 

Tte mbcture was then copied and 200 g of ethylene glycol monobutyl <ShV iw^^a^^ 
mbdiiB. followed a few nninutes later^ 4 g of butyl hydroxytoluene am^tben i^^^ 
mbduiTe, 70% nofhvolatile ipqrfent by weight, was filtered Into a storagBX^^ 
rein contelned 4.68% by w^glrt:Hydrpxyethyl acrylats and 59.46% nniete^^j^^ 
the total weight of soflds and;wa»;fbund to have a weight average mblecularf;>w^ 
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and a viscosity on the Gardner-Holt scale of Z1-22. 
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Preparation of Ethylenically-Terminated Polyurethane Macromonomer - 1 

70 A mixture of the isocyanurate of hexamethylen© dilsocyanate (433 g, available as Desmodur N3390 
from Mobay Chemical Corp., Plastics & Coatings Division, Pittsburgh, PA 15205), 36.4 g of neopentyl 
glycol. 1015 g of methoxy polyethylene glycol (MPEG 1500, available from Union Carbide), and 85 g of 
methyl propyl ketone were placed in a 5-Iiter flask fitted with a stirrer and condenser. The mixture was 
heated to 70' C, at which point a mfocture of 41.3 g of hydroxyethyl acrylate. 80 g of methyl propyl ketone, 

16 and 6 g of butyl hydrcocy toluene were added to the flask contents. The temperature of the flask contents 
was raised to about 90* C. and the flask contents were stirred and allowed to react at this temperature for a 
period of about three hours. 

Rv8 grams of a 3.3% by weight solution of dibutyi tin dilaurate in methyl propyl ketone were added to 
the flask contents, and the reaction was allowed to proceed at 90-95 'C. until analysis indicated an 

20 isocyanato function group meq/g of about 0.21. Diethanolamine (37 g) was added to cap the residual 
isocyanata functionality and the mixture was allowed to react at 90-95 'C. until analysis Indicated the 
absence of Isocyanate functionality. Ethylene glycol monobutyl ether (250 g) was added to the flask 
contents and the mbclure allowed to cool to about 70* C. At this point, 150 g of deionized water were added 
and the resulting mixture thoroughly mixed and filtered Into a storage container for later use. 

2ff The product contained 71.5% non-volatiles and had a viscosity of U-V on the Qardner-Holt scale. The 
resin contained 66.4% methoxypolyethylene glycol and 2.7% hydroxyethyl acrylate, based on the total 
weight of solids, and had a weight average moleculare weight of about 13,000. Daltons. 
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Preparation of EthylenicallyTermlnated Polyurethane f^^acromonomer - III 
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A mixture of Isophorone dilsocyanate (502.5 g), 123.0 g of trlmethytolpropane. 25.5 g of the 3-hydroxy- 
2,2-dimethyIpropyf ester of 3-hydroxy-2,2-dimethylpropanoic acid (available from Union Carbide as Esterdiol 
204). 955 g of methoxy polyethylene glycol (available as MPEG 2000 from Union Carbide Co.). and 80 g of 
methyl propyl ketone was placed In a 5-liter flask fitted with a stin-er and condenser. The mixture was 
40 heated to 105 C. and held, with stirring, at a temperature of between about 105* C. and 110* C. for a 
period of two jraurs. M the end of this time, the mixture was cooled to about 65' C. and a mixture of 51 g of 
hydroxyethyl a^(iate,)Wd a^ g of butyl hydroxytoluene in 100 g of methyl propyl ketone was added to the 
reaction mMure^^^ 3.4 g of a 3.3% weight percent solution of dibutyi tin dilaurate In 

^^^y^ P*!^ 4S^5Si*^^ fl^*^ contents and the mixture was then stin-ed and heW at a 

""^^ analysis indicated an isocyanate group meq/g of about 0.33. 
Trimethyl6l(yop%^ to the reaction mixture and heating at stirring at 65-70* C. was 

' absence of isocyanate functionality. The mixture was then cooled and 

of etti^»:5l>io|jrr^^ ether and 200 g of deionized water were added. The resulting product 
> ^ ^ 23-Z4 on the Gardner-Holt scale. The resin comprised 

. : J^^^-M and 2.93 % by weight hydroxy ethyl acrylate based on total 

- rolids, Bu^^hg^ j 

Example 4 




"(S^ ^ Preparation ' of giyBi^^ Polyurethane Macromonomer - IV 
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A mixture of isophorone diisocyanate (488 g), 122.8 g of trimethylolpropane. 1040 g of methoxy 
polyethylene glycol (available as MPEG 2000 from Union Carbide Co.). and 100 g of methyl propyl ketone 
was placed in a S-liter flask fitted with a stirrer and condensor. The mixture was heated to 105' C. and held, 
with stinring, at a temperature of between about 105' 0. and 1 10* C. for a period of two hours. At the end of 
this time, the mixture was cooled to about 68* C. and a mixture of 56.6 g of hydroxyethyl acrylate and 8.5 g 
of butyl hydroxytoluene in 85 g of methyl propyl ketone was added to the reaction mbcture. After a few 
minutes. 4.0 g of a 3.3% weight percent solution of dibutyl tin diiaurate in methyl propyl ketone was added 
to the flask contents and the mixture was then stinred and held at a temperature of about 65* C. to 70* C. 
until analysis indicated an isocyanate group meq/g of about 0.34. 1 ,6-Hexanediol (77.3 g) was then added to 
the reaction mixture and heating at stirring at 65-70 ' C. was continyed until analysis indicated the absence 
of isocyanate functionality. The mixture was then cooled and a mixture of 259 g of ethylene glycol 
monobutyl ether and 3 g of butyl hydroxytoluene was added, followed by 200 g of deionized water. The 
resulting product was 73% non-volatile solids, and had a viscosity of 21-22 on the Gardner-Holt scale. The 
resin comprised 58.3% by weight methoxy polyethylene glycol and 4,34% by weight hydroxy ethyl acrylate 
based on total solids, and had a weight average molecular weight of about 13,500 Oaltons. 



Example 5 



Preparation of Polyurethane/Acrylic Graft Copolymer I 

A 5-liter three-neck flask was equipped with a stirrer, condensor, and addition funnel. A mbcture of 150 g 
2S of methyl propyl ketone and 250 g of ethylene glycol monobutyl ether was charged to tiie flask and tfie 
mixture heated to reflux (about 108* C). 

A mixture was prepared of 400 g of the ethylenically terminated polyurethane macromonomer from 
Example 1, 170 g of methyl methacrylate, 300 g of butyl acrylate, 250 g of hydroxyethyl acrylate, and 76 g 
of tert -butyl peroctoate. This mixture was added gradually to the refluxing flask contents over a period of 
30 abouTfour hours. When addition was complete, the resulting mixture was allowed to react for an additional 
one-half hour after which time an additional 10 g of tert -butyl peroctoate, dissolved In 30 g od ethylene 
glycol monobutyl ether, was added to the ftask. The mixture was allowed to react under reflux for an 
additional one-half hour, after which time the flask contents were cooled and 1800 g of detonized water was 
added witii vigorous stirring. 

35 The product mbcture was a clear solution, having 30% non-volatile solids content and a viscosity of 
about 3000 cantipoises and a pH of 4. The product resin had a calculated Tg of -15* C, 16.6% by weight 
MPEG stabilizer content (based on total solids), 25% by weight hydroxyethyl acrylate content (based on ! 
total solids), and a weight average molecular weight of 24,500 Daltons. ■: 



40 



Example 6 



46 Preparation of Polyuretfiane/Acrylic Graft Copolymer II 

A 5-liter three-neck flask was equipped with a stirrer, condensor, 
was charged to the flask and heated to reflux. 

A mbcture was prepared of 425 g of tite ethylenically 
so : Example 2. 150 9 of hydrbo^ethyl acrylate, 120 g of 2-etiiylhexyl 
V of tert -butyl peroctoate In 75:g of ,D-butanol. This mixture was 
r^^lS refSET^ib^ 15* af Sw^tt^ii^ of about four hours, vmen addltic« war 
j£S jwBed lirkj^ hour and then cooled DeS^^ 

?r:f?f :;fanil'&e- dei^'prpduct t&s^ahlim iBtwed-lrb a container and 'stored. ;fi^^ 
^ 65%|||The pr^^ mbctumriw a cleair A 30%' non^Slfijela^^ 

£^^fafiSit^3500 centipolsw andl f^ 5A The product resin had a takiiWed^ 
■ ## Mp^ (based onSiwi Mttds^ 15^ by weight hydfoxyatiiyl aiay 

Sii.'St:'^,a"woight average nwieodkif Daltons. 
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Example 7 



5 Preparation of Polyurethane/Acrylic Graft Copolymer III 

A 5-nter three-neck flask was equipped with a stirrer, condensor, and addition funnel, n -Butanol (410 g) 
was charged to the flask and heated to reflux. 

A mixture was prepared of 238 g of the ethylenicatiy temninated polyurethane macomonomer from 
m Example 3. 350 g of hydroxyethyi acryiate. 179.9 g of a-ethylhexyl acryJate. 296.7 g of methyl methacrylate, 
and 124 g of tert -butyl peroctoate. This mixture was added gradually to the flask contents under reflux 
(about 110-118^) over a period of about tour hours. When addition was complete, 5.7 g of tert -butyl 
peroctoate in g of n -butanol was added to the flask and heating was continued for an addition one-half 
hour At the end of mis time, the mixture was cooled and 2000 g of delonized water was added to the flask 
15 contents with vigorous stirring. The product was filtered into a storage container for later use. 

The clear product dispersion had a dispersion particle size of 105 nanometers, 30% non-volatile solids 
content a visco^ of about 2300 centipoises and a pH of 4.2. The product resin had a calculated Tg of 
-6' C. 20% by weight MPEG content (based on total solids). 15% by weight hydroxyethyi acrylate content 
(based on total solids), and a weight average molecular weight of 25.000 Daltons. 



Example 8 
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Preparation of PolyurBthane/Acrylic Graft Copolymer IV 

A 5-llter three^ieck fiask was equipped with a stinrer, condensor, and addition funnel, n -Butanol (430 g) 
was charged to the flask and heated to reflux. 

A mixture was prepared of 209.5 g of the ethylenically terminated polyurethane macomonomer from 
Example 4 400 a of hydroxyethyi acrylate. 155 g of 2- ethylhexyl acrylate. 293 g of methyi methacrylate. 
arKl 18 g 0^ tert -butyt pecDCtoale. This mixture was added gradually to the flask contents under reflux 
(about 110-1ir"C.) over a period of about four hours. When addition was complete, the mixture was heated 
under reflux for an additional one-haif hour, at which point 5 g of tert -butyl peroctoate in 35 g of n -butanol 
was added to the flask and heating was continued for an additional one-half hour. At the end of this time, 
the mixture was' cooled arKl 1900 g of deionized water was added to the flask contents with vigorous 
stirring. The product was filtered Into a storage container for later use. 

The clear product dispersion had a dispersion particle size of 150 nanometers. 29% non-volatile solids 
content a viscosfty of about 3300 centipoises and a pH of 4.4. The product resin comprised 8.9% by 
weight MPeQ content (based on total solids), 40% by weight hydroxyethyi acrylate content (based on total 
solids), and a weight average molecular weight of 28.000 Daltons. 



Example 9 
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Preparattc^ df: Poiyu(^^ Qraft Copolymer V 

with a stiver, condensor, and addition funnel, n -Butanol (410 g) 



' vraa ctiftrrwri v n^r-r . . 

r^^^^v ^ ^nbil^^^^^^^ g of the ethylenically terminated polyurettiane macomonomer from 
^ B(aiT»p»e^€^^W^ 203 g of 2-ethylhexyl acrylate. 312 g of methyl methacryiate, 19 

flofacryflg.! 
'under, re 
mbcturei 

the end or f'^"' 




ISffertlbutyt peroctoate. This mixture was added gradually to the flask contents 
^' ^^^^^^^^om'z period of about four hours. When addmcm; was i^ the 
,^' toiSan additional one-half hour, at which point 5 g 0f tert -buiyt peroct^ 
^d^Cthe flask and heating was continued for an additl6i5S owHiatf hour. At 
cooled and 29 g of 4^ylmoTpholine was added to the flask contents 
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,900 a erf deionteed water was added ID 
. . «Mn. to oao...e ^ ^^!^'Ti:Z1^Z'^^^ ^^"0 ^^^^ 

Example 10 



1-^ ^ a Of acrylic actd. and " -^gr a period of about tour n 5 g of tert oiny' 

"^■^ " "^uf ritS a^*"^*^ weight of 43.000 Oalions. 



15 



20 



26 



30 



Example 11 
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Table 1 



Base Coal Formulations 


iDQredients 


Example 


Example 


Example 


Example 


Example 


Example 
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13 


14 


15 


16 


17 


/Muminum pi^msnt slurry 


583^ 


583^ 


583,2 


583.2 


583^ 


583.2 


Principal resin dispersion of 


1906.0 












Example 5 














Principal resin dispersion of 




1906.0 
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Principal resin dispersion of 






1906.0 
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Principal resin dispersion of 








1918.0 
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Principal resin dispersion of 










1906.0 
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1845.0 


Principal rasln dispersion of 
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Rheology control agent 2% 


1650.0 


1650.0 


1650.0 


1650.0 


1650.0 


1650.0 


aqueous disper^on of Laponite 














RD® 
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Preparation of Red Pigment Paste 



The pdyurethane/acryttc graft copolymer (82.35 g), prepared as described above in E>tample 9, was 
thoroughly mixed over a period of about one-half hour, with 12.9 g of C.l. Pigment Red 202 (available as 
Magenta B RT-343-D from Ciba-Gelgy Corp., Three Skyline Drive. Hawthorne. NY 10532). This mixture was 
diluted t>y the addition of 4.75 g of deionized water and again mixed. This mixture had a viscosity of 66 
Krebs units, and had a pH of 7.B. . 

An attrftor was loaded with 1/B" steel media and charged with the above mixture. After 3 hours, the 
pigment particto slas' was fom to be about 6 microns on the Hegman scale, and the suspension had a 
viscosity of 68 Krei^ units a pH of 7.8. The mixture contained 20.59% by weight polyurethane/acryltc 
graft copcrfymer and i J80% by weight pigment, based on total solids. 
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Testing 

Each baw'-coatifonnu)^^ 12 through 17 was hand sprayed over an electrocoated cold 

rolled sleei pww^^ at 60% relative humidity. Two sets of panels were prepared. In one 

set. the tMfiS^pll^nS^^ dried, and overcoated with a clear coat layer, with both layars being 

sitf>S8cnient^^^^|pP|0't^o^ set, only a base coat layer was applied prior to the bake curing step. 

quent clear coat layer, following application of the bas^ coat. 
(43.3 ' C.) for five minutes to flash dry the baa» coat layer, A 
l^^^m^opntalning a highly alkylated melamlne (Cymet« 303.^ available from 



bi the ca^,;0f^ ' 




dod)lMC»tsd: 



NJ 07470) was then spray appfied over the uncured base coat layer. The 

in an oven at 250* F. (121 * C.) for thiriy minut&s to cure both layers. 



tn the (sso iF t^p^ receive a clear top cost layer, the panels were bake cured at 250 F. 

' P21 *a) ttie base coal layer. ^.-.-'v^^. 
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The panels which had received a base coat layer only were subjected to a solvent rub test and the 
results compared with similarly prepared panels which had received a base coat layer prepared from a 
polyurethane prindpal resin of the type disclosed in United States Patent 4.794.147. In this test, a soft cloth 
was saturated with methyl ethyl ketone and the cloth was then mbbed in a t>ack-and-forth motion over the 

5 coated panel until there was evidence of softening or removal of the baked base coat layer. In this test, the 
prior art polyurethane base coat layer showed softening or failure after ten to fifteen rubs, while the panels 
coated with the polyurethane/acrylic graft resin coatings of the present invention did not show any softening 
before fifty to one-hundred rubs. 

In another test, the panels which had received both a base coat layer in accordance with this invention 

TO and a clear coat layer were subjected to conditions of 100% relative humidity and 100*F. (37,8* C.) 
temperature for a period of ten days. After this treatment, each of the panels was scribed with an awl to 
produce a large "X" on the panel, cutting through the coating layers to the bare substrate metal. A piece of 
adhesive tape is pressed over the scribe mark, and pulled away. Removal of any of the coating layers is 
considered adhesive failure. The results of the adhesion tape-pull tests are given in Table 2. 

16 

Table 2 
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Example 


Results of Adhesion 
Tape-Pull Test 


12 


Pass 


13 


Pass 


14 


Pass 


15 


Pass 


16 


Pass 


17 


Pass 
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As discussed above, the use of an amine-solubilized base coat fomrtulation with a high solids type clear 
coat formulation often causes problems. Amines, freed from the basecoat layer during the bake curing step 
will partically neutralize the strong acid catalyst required for curing of the monomeric fully alkylated 
melamlne cross-linking resins contained in a high solids clear top coat The result Is severe loss of 
"distinctness of Image" or DOI. DO! Is the glossiness of the topcoat, and can be measured, in one 
technique, by the use of ASTM 4440-85 In which the scattering of light at the edges of a specularly 
reflected beam of light from the top coat surface Is measured. vv- ^r- ^ 

The DOI of panels coated with the formulations of Examples 12-17 and overcorted with a super high 
solids acrylic dear coat cross-linked with a monomelic fully alkylated melanriine resin appear In Table 3. 
compared with a panel which had been coated with a prior art anionic polyurethane basecoat and the same 
top coat formulation. In addition, Table 3 shows the DOI values for panels' coated wtth the basecoat 
fonnulattons of Examples 12-17 and overcoated with a. high solids acryOc clear coat usings a potymerlc 
partically alkylated melamlne cross-linking agent ' ■ ' ^'^^ ^ 



Table 3 



60 




Base Coat of Example -t; 


■ ■ ■ 


Clear Coat Type ■ ^ \r ■ ■ >t^i!^i>^^V 


DOI 


-v'-yr - ■■■ 12 


Hlgh-soHds acrylic 


monomeric highly alkylated melarntne oross-linkiw:^; 


85 




Dftto^''"''^"'- 




83 


Prior art anionic Mlyurett^^ 






88^ 


,^ ■. ^_ - • ' V/ u 
.(^i>:''«^:Sl;r:'fijV'Vfir- 'vV'.:,-; i 


Hlgh-soOds acryQc, 


polymeric. (»rttally allcytated mdmihlh^^ 


ill 

85 


' • ■ ■ 14 






^85^ 


k^^^t- ■ -"'15 






in 


Prkw art anionic polyurethane 


Ditto: 




85, 
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As can be seen by examining the data in Table 3, when a high solids acrylic top coat fonnulation. 
employing a monomeric highly ailcylated melamine cross-lining agent, is applied over the base coat 
fomnulations of the present invention, good gloss and distinctness of image Is maintained for the resulting 

5 multi-layer coating. In contrast, when a typical prior art water-bome polyurethane base coat formulation, 
solubilized by amine, is employed with the same top coat, considerable loss in distinctness of image 
occurs. That this result is due to interference with amine (derived from the base coat layer) with the strong 
acid cataiyst In the top coat can be seen by examining the data in the last half of Table 3. There, a high- 
solids acrylic lop coat formulation which is cross-linked with a polymeric partially-alkylated melamine cross- 

70 Jinking agent which does not require strong acid catalysts for cross-linking. The gloss and distinctness of 
image for both the coatings of this invention and for the prior art amine-solubilized polyurethane coatings is 
good. 

White there have been shown and described by example the prefened embodiments of the present 
invention. It is to be understood that the examples are merely illustrative and are not to be read as limiting 
IS the scope of the present invention as defined by the appended claims. 



Claims 

20 1. A water dilutable poiyurethane/acryllc graft copolymer comprising the reaction product of: 
A) an ethyienically terminated polyurethane macromonomer which is the reaction product of 

i) a polyisocyanate; 

ii) a compound having at least tvo functional groups reactive with Isocyanate; 
Hi) a polyether having a single functional group reactive with isocyanate; and 

25 B) one or more ethyienically unsaturated monomers. 

2. A graft copolymer as defined by claim 1. further reacted with a capping agent 

3. A graft copolymer as defined by claim 2, wherein said capping agent is selected from diols, triols, 
aminopolyols, and mixtures thereof. 

4. A graft copolymer as defined by claim 3, wherein said capping agent is selected from straight chain and 
30 branched chain diols of from three to twenty cartjon atoms, preferably propylene glycol, butytene glycol. 

neopentyl g\yco\, or 1,6-haxanedioi. or is a straight chain or branched chain aliphatic trio! of from three to 
twenty carbon atoms or a mixture thereof, preferably trimethylolethane, trimethylolpropane, pentaerythritol 
or a mixture of two w more thereof or is an amino polyol of from two to twenty carbon atoms, preferably 
aminoethanol or diethanotamine. 
35 5. A graft copolymer as defined by any one of the preceding claims, having a weight average molecular, 
weight between about 1 5.000 Daltons and about 60.000 Daltons. 

6. A graft copolyiner as defined by any one of the preceding claims, wherein said compound having at least 
two functfonal groups reacHve with Isocyanate is selected from the group consisting of ester polyols diols 
triols. and mbclurBstta^ 

40 7. A graft cpjpolinn^ef is defined by claim 6. wherein said compound having at least two functional groups 
reactive wHh isocyanat© te selected from straight chain and branched chain aliphatic diols of from three to 
twenty carbon alonw and mixtures thereof, preferably selected from ethylene glycol, propylene glycol, 
butylene glycoi. neqjentyl ' glycol, 1.6-hexanediol and mixtures thereof, or is selected from the group 
consisting of straight ch^ branched chain aliphatic triols of from three to twenty carbon atoms and 

45 mixtures tf^reot ; pre^^ from trimethytolethane, trimethylolpropane. and pentaerythritol and 

mixtures t^iereof, or te polyester polyols of from four to twenty carbon atoms, preferably the 

3-hydipcyr^^^hyJprof^^^^ 

8. A graft Jco(»ifc^^ any one of the preceding claims, wherein said polyisocyanate is 

selected frcm^ a^^^ cycioaliphatic polyisocyanates, aliphatic Isocyanurates, and mb<- 

^ 50 tures thWB^v/wri Jfe^ from 1.4-tetramethylene diisocyanate, 1.6-hexamethylene 

I caisocyanrt|^^^g^|ton^ l,3.bis -[2(2-0socyanato) propyl]benzene (TMXDI), 

? y^ >1I!^S?fm^ fumarate), isophorone diisocyanate (IPDf), and methylene 

: r^T Ws -{4-cycloh»qrIte6c^^ i 

- i t 8. A OraR oqpojynw by any one of the preceding claims, wherein said ethylenfcally unsaturated 

^ monomers OT Wlecifld fr^ group consisting of 

r-y ^""acryttc adi^^^^EIS^" V^- ■ • ^' 



methacrylicam 
Ci-Cc alkyiesim crf aa^ 
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Ci -Ce alkyi esters of methacrylic add, 
Ci-C6 hydroxyalkyi esters of acrylic acid. 
Ci-Cs hydroxyalkyi esters of methacryl ic acid. 
Ci-Ce aikyi esters of fumziric acid, 
Ci-Ce hydroxyalkyi esters of fumaric acid, 
styrene, and 
vinyltoluene. 

10. A graft copolymer as defined by any one of the preceding claims, wherein said polyether is selected 
from polyether alcohols and polyether amines and is preferably selected from the group consisting of 
potyether alcohols having a weight average molecular weight between about 1200 and 3000 Dattons. 

11. A graft copolymer as defined by any one of the preceding claims, wherein said ethylenicaiiy terminated 
potyurethane macromonomer has a weight average molecular weight of between about 3,000 Oattons and 
20.000 Oaltons. 

12. A graft copolymer as defined by claim 10, wherein said graft copolymer contains between about 5% 
and about 25% by weight of said polyether alcohols. 

13. A stabilized, water dilutable polyurethane/acrylic graft copolymer as defined by claim 1 comprising the 
reaction product of: 

A) from about 12% by weight to about 25 % by weight of an ethylenicaiiy terminated polyurethane 
macromonomer which is the reaction product of 

i) a polytsocyanate: 

li) a compound having at least two functional groups reactive with isocyanate: 
III) a polyether having a single functional group reactive with Isocyanate; and 

B) one or more ethylenicaiiy unsaturated monomers selected from the group consisting of 
Ci -Cg alkyI esters of acrylic acid. 

Ci-Ce aikyI esters of methacrylic acid, 

Ct-Ce hydroxyalkyi esters of acrylic acid, 

Ci-Cfi hydroxyalkyi esters of methacrylic acid. 

Ci'Ce alky I esters of fumaric acid, 

Ci-Cfi hydroxyalkyi esters of fumaric add. 

styrene. 

vinyltoluene, 

acrylic acid, and 

methacrylic acid. 

14. A pigment paste comprising between about 30% by weight and about 80% by weight of a water 
dilutable polyurethane/acrylic graft copolymer as defined by any one of the preceding claims and one or 
more pigmenting agents. 

15. A substrate body coated wfth one or more base layers of a coating composition comprising a water- 
dilutable polyurethane/acrylic graft copolymer as defined by any one of claims 1-13. 



